In this study we optimized an enzyme-linked immunosorbent assay (ELISA) to evaluate bothropic venom levels in biological samples. These samples were obtained by two distinct protocols. In the first one, Swiss mice were injected with 1 LD 50 of Bothrops jararaca (B. jararaca) venom and 15 minutes later, animals were treated with ovine antibothropic serum. Blood and spleen homogenate samples were obtained 6 hours after antiserum therapy. Ovine antibothropic serum significantly neutralized venom levels in serum and spleen. In the second protocol, BALB/c mice were injected with 1 LD 50 of bothropic venom by either intraperitoneal (IP) or intradermal (ID) route and venom levels were evaluated 1, 3 and 6 hours after, in blood, spleen homogenates and urine. Serum and splenic venom levels were significantly higher in animals envenomed by IP route comparing with animals envenomed by ID route. Higher venom levels were also detected in urine samples from animals envenomed by IP route. However, these differences were not statistically significant. These results demonstrated that the optimized ELISA was adequate to quantify venom levels in different biological samples. This assay could, therefore, substitute the in vivo neutralizing assay and also be useful to evaluate the severity of human and experimental envenomations.
INTRODUCTION
About 20,000 cases of snakebites are reported annually in Brazil, with a mortality rate of 0.5% (8) . Bothrops jararaca is the species responsible for the majority of snakebites in southeast Brazil (20) .
The most effective therapy to counteract toxic effects of ophidic venoms is treatment with specific antiserum produced in horses. However, this kind of therapy can be associated with side effects as type I and III hypersensitivities (15) . Alternative antibody sources, devoid of deleterious effects, are highly desirable. Sjostram et al. (21) compared monospecific antivenoms raised in sheep against a variety of snake venoms with commercially available antisera. They observed that ovine antivenoms generally contained higher concentration of specific antibodies than equine derived material. In addition, the ovine product usually provided better in vivo protection to mice than the equine counterpart (21) . Easier ovine management, comparing to equines, has also stimulated sheep usage to generate antivenoms. Antisera to different snake venoms have been raised in sheep by Instituto Clodomiro Picado, including antiserum against Bothrops asper (13, 14, 19, 24) .
Efficiency and safety in venom immunotherapy have also been improved by application of enzyme-linked immunosorbent assay (ELISA) to snake venom research. Theakston et al. (22) first described the use of this assay in detection of antigen and antibody in snake bitten patients. Subsequently, ELISAs have been described for detection of venom antigens from different species of venomous animals (3, 10, 11, 12, 23) .
In this study, we reported the development of a sandwich-type ELISA for detection of B.
jararaca venom antigens in blood, spleen homogenate and urine of mice experimentally envenomed by two different routes. We also used this assay to evaluate the in vivo ability of an ovine antibothropic serum to neutralize serum venom levels. Dis., 2006, 12, 1, p.126 (CEVAP, UNESP, Botucatu, São Paulo). After lyophilization, the material was stocked at -40°C. For usage, the venom was diluted in endotoxin free salt solution.
MATERIALS AND METHODS

Venom
Animals
Male Swiss mice, female BALB/c mice, aged 4-6 weeks, and two female Norfolk rabbits To assess the relationship between envenomation route and venom levels, BALB/c mice were injected with 2.5µg/g of bothropic venom by either IP or ID (footpad) route. After 1, 3 and 6 hours, groups of animals were killed and blood, urine and splenic homogenates were also obtained, centrifuged and stocked at -20°C for further evaluation. Samples obtained in a similar way from non-envenomed animals were used as controls.
ELISA for venom quantification
This assay was standardized according to Barral-Netto et al. 
RESULTS
ELISA optimization for Bothrops jararaca venom detection
The best conditions for B. jararaca venom detection included a blocking step (12h at 4°C) with a carbonate/bicarbonate buffer (pH 9.6) containing 3% non-fat dry milk.
Specificity was increased by this procedure. Samples incubation during 2h at 37°C also increased sensitivity (500pg/ml). The best dilution for horse F(ab′) 2 used as capture antibody and for detection antibody (whole rabbit antibothropic serum) was 1:200. The best dilution for the conjugate (goat anti-rabbit serum) was 1:8000. The best incubation condition for these three antibodies was 1h at 37°C. The correlation coefficient (r) of this assay varied from 0.96 to 0.98. By using these conditions we were able to detect very low levels of bothropic venom in biological samples. A titration curve done with a crude preparation of venom from B. jararaca is shown in Figure 1 .
Neutralizing activity of ovine antibothropic serum
As can be observed in Figure 2a , ovine antiserum administration determined a significant drop on serum venom levels. The neutralization effect was, as expected, more pronounced with less diluted serum. On the other hand, when spleen homogenates were used to evaluate venom concentration (Figure 2b) , only animals that received the less diluted ovine antiserum (1:10) presented a significant decrease in venom concentration. ., 2006, 12, 1, p.129 
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Comparison of venom levels in mice envenomed by IP or ID route
As shown in Figure 3a , serum venom levels were significantly higher in animals that were envenomed by IP route in comparison with animals envenomed by ID route. This difference was observed at the three evaluation periods.
A similar pattern of venom concentrations was observed in urine ( Figure 3b ) and spleen homogenate (Figure 3c) samples. In spite of this similarity, differences observed in urine samples were not statistically significant. Venom was diluted with PBS/milk 3% and ELISA developed with the reagents described before. Resulting optical densities were correlated to venom concentrations. Optical densities from three separate assays were combined (n=6) and showed in mean ± SD.
The r value is 0.98. The ELISA test adapted by us presented elevated sensitivity (500pg/ml), similar to values described in other reports (1, 3, 18) . The blocking step done by using non-fat milk during 12h at 4°C comparing with 1h at room temperature was very effective, decreasing substantially the background. The usefulness of this step to improve the specificity was not evaluated. We believe that sensitivity and specificity could be improved by substituting the whole rabbit anti-bothropic serum for its IgG fraction. Once optimized, this assay was used to quantify venom in biological samples from experimentally envenomed mice.
Initially, it was observed that non-diluted sheep antibothropic venom was able to neutralize lethal venom activity associated with 2 LD 50 (not shown). The potency of antivenom has been traditionally evaluated by testing lethality neutralization (25) . As this procedure requires sacrifice of a large number of mice, other alternatives are being sought to replace the in vivo neutralization assay. For this reason, this neutralizing ability was then checked by quantification of serum and splenic venom levels by ELISA.
According to the neutralizing effect observed in vivo, serum and splenic venom levels were significantly lower in animals subjected to ovine antiserum treatment compared to non-treated animals. This effect depended upon antiserum dilution. Interestingly, higher antiserum dilutions (1:40 and 1:200) significantly decrease serum venom levels but not splenic venom levels. These findings could be related to a differential distribution of ovine antivenom among serum and the other organs, as has been described for horse antiserum (9, 17) . The profile of venom concentrations in spleen homogenates was very similar to blood venom distribution, i.e., significantly higher levels associated with IP route. However, these values did not consider the dilution of spleen homogenates determined by addition of 500µl of RPMI 1640 medium to the spleen to prepare the homogenates and use of 100µl to evaluate venom concentration. If these values were roughly corrected by this factor, they would be similar to blood levels. Certainly, this kind of determination could be better appraised by using homogenate samples from animals previously subjected to perfusion as described by Domingos et al. (16) . Urine venom levels also followed the serum levels profile, i.e., higher levels in animals injected by IP route. However, these levels were not statistically different from levels determined by ID envenomation.
